Surgical treatment may be considered for patients with osteoarthritis of the ankle when bracing, and other conservative measures, have failed to relieve the symptoms. Open arthrodesis of the ankle has an incidence of nonunion of between 7% and 15%, and if that occurs further surgery is necessary.
Surgical treatment may be considered for patients with osteoarthritis of the ankle when bracing, and other conservative measures, have failed to relieve the symptoms. Open arthrodesis of the ankle has an incidence of nonunion of between 7% and 15%, and if that occurs further surgery is necessary. [1] [2] [3] [4] [5] Arthroscopic fusion can be considered when there is only a minor degree of varus or valgus deformity, but it is not advisable when the deformity is severe because of difficulty in obtaining an adequate correction. 6, 7 Ankle replacement is also contraindicated because of the risk of recurrent deformity. 8, 9 It seems, therefore, that open arthrodesis will remain the treatment of choice for those patients whose ankles are in a severe varus or valgus. We did not find in our literature review any report describing the outcome of surgery specifically for these patients. We therefore describe the outcome of a group of these patients in relation to the results described in the literature [1] [2] [3] [4] [5] [6] [7] [8] [9] 10 for ankle arthrodesis in any patient.
Patients and Methods
From the operating theatre records we identified all patients who had undergone an open arthrodesis of the ankle between October 2001 and June 2004 under the care of the senior author (PLRW). There were 25 consecutive procedures in 23 patients with osteoarthritis and a deformity in the coronal plane of at least 20˚ (20˚ to 45˚) (Table I) . Those with inflammatory arthropathy were excluded. There were 21 men and two women. Bilateral fusions were carried out in two patients; there were eight left and 17 right ankles. The mean age of the patients at the time of surgery was 62 years (39 to 84) (Table II) . Six patients had post-traumatic arthritis, five due to a previous fracture and one following a severe injury to the lateral ligament. The remainder had generalised primary osteoarthritis with arthritic changes in the hips, knees or opposite ankle. Five had required either hip or knee replacements. The mean period of follow-up following arthrodesis was 20 months (12 to 36) and all patients were available for review.
The operation was carried out through an anterior approach with radiographic control using an image intensifier during placement of the guide wires and screws. The method of choice used two parallel 6.5 mm cannulated screws with washers (ACE DePuy, Leeds, United Kingdom), with a guide block to ensure that the screws were parallel (Fig. 1) . A washer was usually necessary because the screws pass obliquely through the cortex of the tibia. The cortex is thin distally. This leaves the screw rather prominent and it may be necessary to remove the screws at a later date. The patient is advised about this. In ankles with a varus deformity a fibular osteotomy was performed if necessary in order to achieve a full correction and to place the foot in a neutral plantigrade position. This osteotomy was carried out through the same anterior incision. The fibula was approached from its articular surface and approximately 1 cm of bone was resected at the level of the joint line. This technique leaves the distal portion of the malleolus in situ and so preserves its function as a pulley for the peroneal tendons. The surfaces come into close contact when the varus is corrected, and no fixation of the fibula is necessary. When there was fixed plantar flexion of the first metatarsal, a proximal dorsal wedge osteotomy was performed and secured with a staple. This prevents excessive pressure developing under the metatarsal head after correction of the varus deformity of the ankle because it lifts the lateral and lowers the medial side of the forefoot. When this position has become inflexible it cannot adapt to the change in position resulting from the fusion.
A wool and crepe dressing was applied in the operating room and changed for a weight-bearing cast between the first and third post-operative days. All patients were mobilised taking weight as pain permitted. The cast was changed and the sutures removed after six weeks. A fresh cast allowing free weight-bearing was used for a further six weeks. The pre-operative deformity of the ankle in the coronal plane (Fig. 2) was measured as described previously by Wood and Deakin. 8 A similar assessment was made after the operation, provided that the anatomy of the talus had not been altered too severely by the surgery. When this was not possible we estimated the angle using the axis of the os calcis. Patients were followed up until there was radiographic and clinical union. One required a further procedure because of nonunion. Figures 3 and 4 show typical pre-and post-operative clinical and radiological appearances.
All patients were assessed at routine outpatient appointments. They were asked about their walking distance, the use of walking aids, the ability to climb stairs and return to work. The validated ankle and hindfoot score of the American Orthopaedic Foot and Ankle Society (AOFAS) 11 was calculated as an objective assessment of the patients before and after operation. Radiographs showing preferred surgical method, using parallel medial compression screws. Of the 20 varus ankles, 13 required a resection osteotomy of the lateral malleolus to allow correction of the deformity. Union of the fibular osteotomy occurred in all instances. In two cases in which the skin was adherent to the malleolus, the osteotomy was achieved through a separate lateral incision. Four patients had a fixed plantar flexion deformity of the first ray and a proximal dorsiflexion osteotomy of the first metatarsal was then carried out. The planned technique of employing two medial screws was used in 19 ankles, 15 of which had screws accurately placed parallel to each other. An additional screw was used in six ankles. One or two anterior staples were required to enhance the fixation in nine patients early in the series, but as experience was gained this was found to be unnecessary. The manufacturer's guide was used to ensure that the wires, and subsequently the screws, were parallel. This guide was found to be an important part of the surgical technique. The mean time in a cast was 11.4 weeks (10 to 12). Complications. The wound took nine weeks to heal in one ankle but eventually bony union was obtained. The fusion failed to unite in a 52-year-old man who had a 20˚ varus deformity of both ankles and severe pain on walking. The first ankle, which is also included in this study, fused with an excellent outcome. The second side developed a nonunion. It was immobilised in a cast for ten weeks and appeared both clinically and radiologically to have united. Clinical photographs of a 47-year-old man with varus osteoarthritis of the ankle following a fracture. a) Pre-operatively he is bearing weight on the lateral border of the foot, and has a mechanical axis falling medial to the tibia and b) post-operatively the foot is plantigrade with a broad and solid weight-bearing surface. The mechanical axis has been restored.
Results

Fig. 4b
Radiographs of the patient shown in Figure 3 , a) before operation, with a large varus deformity and erosion of the medial malleolus, and b) postoperatively, demonstrating a united ankle arthrodesis using two parallel screws with washers, a transarticular fibular osteotomy in good apposition, and a staple in the first metatarsal base following a dorsiflexion osteotomy. However, as he increased his level of activity he experienced increasing pain on the medial side. The screws were removed in the erroneous belief that they were the cause of the pain. The pain persisted, making it apparent that it was due to nonunion. The patient subsequently had a revision with bone grafting, and at 24 months following the primary operation had a solid fusion and had returned to full activity with little pain (Fig. 5) . Outcomes. For the 24 ankles which united primarily the mean AOFAS pain score before operation was 10.5 (0 to 20) and 35.2 (20 to 40) at final follow-up. All patients reported reduced pain after the operation.
The mean AOFAS function score before operation was 25.5 (11 to 39), improving to 43.7 (31 to 58) at follow-up. All patients were able to walk further after ankle fusion than pre-operatively.
The reliance on a walking stick was reduced for most patients (Table III ) and a few found that their ability to ascend and descend stairs had improved (Table IV) .
Ten of the patients (11 ankles) had retired from work due to their age at the time of surgery. Of the remainder, ten who were working returned to their pre-operative occupations. One returned to a sedentary occupation and the other remains unable to work because of pain in the ankle.
All the patients were pleased with the outcome of surgery as regards to reduction in pain, walking distance and the overall result. One patient was satisfied overall because his function was excellent and he was able to walk long distances over rough terrain, but he was disappointed about a slight residual deformity of 4˚, having had a 24˚ varus deformity before operation. Radiographic. In 18 ankles the residual deformity was within 5˚ of neutral and the mean correction achieved was Radiographs of a patient with a nonunion. Union was achieved following a revision procedure. 25˚ (15˚ to 41˚). In the other seven ankles the mean residual deformity was 9˚ (6˚ to 12˚) and the mean correction achieved was 21˚, but this was a marked improvement compared to before operation.
Discussion
Arthrodesis of the ankle is a challenging procedure that must be undertaken with care in order to provide the best possible outcome. 12 The alteration in gait [13] [14] [15] [16] [17] and the potential complications, particularly nonunion and, in the longer term, degeneration of adjacent joints, 13, [18] [19] [20] [21] [22] [23] make arthroplasty an attractive option, and this is now becoming a realistic alternative for some patients. However, there is evidence that a good outcome can be expected with a deformity in the coronal plane of up to 10˚, 9 but a deformity of 15˚ or more significantly increases the risk of rapid mechanical failure making this a relative contraindication to ankle replacement. 8 Thus, arthrodesis remains the best and perhaps the only surgical option for patients with severe varus or valgus deformity of the ankle.
In this consecutive series of ankle arthrodeses we had high patient satisfaction, at least in the short term. The concern about adjacent joints developing arthritis has not been addressed. The improvements in pain and function score as demonstrated by the AOFAS ankle and hindfoot scoring system were highly statistically significant. The nonunion rate of 4% (one ankle) is satisfactory compared to those described previously, and may be a result of improved surgical technique, giving rigid internal fixation with cannulated screws that can be accurately placed using radiographic control.
However, few patients had improved in their ability to climb stairs, indicating that the arthrodesed ankle does not give normal gait or function for all activities. More encouraging is the observation that most patients had reduced need for walking aids, and that none walked less well than before operation.
Prior to operation the direction of movement of the ankle had become so distorted that it was of little functional value. Its abolition was therefore not found to be of any detriment. The combination of relief of pain and restoration of the foot to a plantigrade position leads to a satisfactory outcome. In the presence of a deformity in the coronal plane of 20˚ or more, osteoarthritis of the ankle joint can be satisfactorily treated by arthrodesis, using an open anterior approach and solid internal fixation with cannulated 6.5 mm screws and washers. A low rate of nonunion can be achieved and high patient satisfaction. We recommend arthrodesis as the procedure of choice when there is a large deformity in the coronal plane and painful osteoarthritis of the ankle.
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